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The fine structural organization of the epidermis, der­
mal! epidermal junction, and dermis from an unexposed 
site (upper inner arm) of elderly people was compared with 
the organization of a similar region of young people. De­
spite an overall thinning of the epidermis and focal areas 
of cytologic atypia, the characteristic morphological mark­
ers associated with the keratinization process are not mark­
edly altered in appearance or amount. A well-formed stra­
tum corneum consisting offlattened, enucleated horny cells 
enveloped by a thickened membrane, and intracellular spaces 
filled with electron-dense material provide structural evi­
dence that barrier ability is not compromised in senile skin. 
The dermal/epidermal changes in aged skin are marked 
and have significant physiologic implications. The major 
change is a relatively flat dermal/epidermal junction re­
sulting from the retraction of the epidermal papillae as well 
W ith advancing age, the skin and its appendages undergo marked changes. Alterations include in­creased roughness, wrinkling, loss of elasticity, mottling, and a general transparency or thinness. In addition, a wide variety of proliferative lesions 
appear, giving rise to our general perception of an aged individual. 
These visible changes are noted primarily in exposed skin and 
represcnt age-related extrinsic effects, rather than intrinsic age­
related alterations. Because of the dramatic effects that cumulative 
insults from physical, chemical, and mechanical trauma have on 
skin, most research in cutaneous gerontology has focused on 
elucidating environmental changes. Alterations due to intrinsic 
aging have received less attention. It could be argued that because 
skin interfaces directly with the environment, all changes are 
extrinsic. However, by investigating areas that are more protected 
from environmental insults, certain inferences about the intrinsic 
aging process can be made. We have chosen the upper inner arm 
as an area that might closely resemble intrinsically aged skin. This 
region is relatively shielded from photoaging by its anatomical 
location, and is further protected by clothing. It does not receive 
cxcessive chemical insults and does not undergo deformations 
and reformations induced by pressure, as does skin on the but­
tocks. 
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as the microprojections of basal cells into the dermis. This 
flattening results in a more fragile epidermal/dermal inter­
face and, consequently, the epidermis is less resistant to 
shearing forces. Retraction of the epidermal downgrowths 
(preferential sites of the putative epidermal stem cell) may 
also explain the loss in proliferative capacity associated with 
the aged epidermis. 
The three-dimensional arrangements of collagen and elastic 
fibers showed marked alterations with age. Both fibrous 
components appear more compact because of a decrease in 
spaces between the fibers. Collagen bundles appear to un­
ravel, and the individual elastic fibers show signs of elas­
tosis. These changes may contribute to the loss of resilience 
that is one of the salient features of senile skin. ] Invest 
Dermatol 88:445-515, 1987 
This article compares skin from the upper inner arm of old and 
young persons using light, transmission electron and scanning 
electron microscopy to discern changes in epidermal and dermal 
morphology. The details of the materials and methods that serve 
as the basis for this review have been published previously [1-3]. 
EPIDERMIS 
The skin surface is traversed by furrows that intersect in complex 
ways, creating a variety of geometric patterns called skin surface 
patterns [2]. Skin surface markings vary from one region to an­
other. In the unexposed areas of the young, these patterns are 
quite orderly and display a high degree of regularity (Fig 1a). In 
aged skin, the furrows become shallower, and overall plateaus 
appear larger with some loss in regularity (Fig 1b). However, the 
overall geometry is retained. This is contrasted by skin surface 
markings in exposed areas, which display a loss of patterns with 
age [2]. It has been suggested that skin surface patterns allow the 
tough outer-most layers or stratum corneum to undergo various 
mechanical changes or deformations [4]. Loss or alteration of the 
basic patterns with age might result in a less flexible stratum 
corneum, more prone to cracking and/or fissuring. 
Light microscopic appearance of aged skin reveals a thinner 
epidermis (Fig 20) than young skin (Fig 2b). This is primarily due 
to a retraction of the rete pegs. The intrafollicular epidermis, 
however, maintains a constant thickness. Retraction of the rete 
pegs results in a flattened interface between epidermis and dermis. 
One of the consequences of this flattening is that aged epidermis 
becomes less resistant to shearing forces, and is more easily torn 
after trauma [1]. This flattening of the interface is also observed 
at the ultrastructural level. In young skin, basal cells (primarily 
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Figure 1. A, Skin surface patterns from unexposed young skin display 
a variety of geometric patterns; B, In aged skin, loss of patterns resulting 
in the formation of large plateaus becomes evident (reduced from X 10). 
located in the portion of the epidermis above the apices of the 
dermal papillae) display numerous villous cytoplasmic projections 
into the dermis, resulting in a serrated appearance (Fig 3a). These 
well developed micro foot-like processes result in a highly con­
voluted dermal/epidermal interface. In contrast, basal cells from 
aged skin lack these serrations, resulting in a flattened der­
mal/epidermal junction (Fig 3b). 
Retraction of the rete pegs with age may also be involved in 
the age-associated decrease in epidermal proliferative capacity [5-9]. 
Recent investigations have suggested that a subpopulation of basal 
cells are located at the tips of the deep rete ridges having char­
acteristics associated with stem cells [10,11]. Furthermore, a highly 
proliferative population of keratinocytes has been shown to exist 
immediately above these stem cells. Thus, the distribution of 
proliferative cells in the epidermis appears to be associated pri­
marily with the epidermal down growths or rete pegs, rather than 
with the flattened interfollicular portions of the epidermis [10,11]. 
It would therefore be expected that a retraction of the rete pegs 
(as is seen in aged epidermis) might result in a loss in proliferative 
potential. Studies on the proliferative nature of aged epidermis 
have demonstrated that keratinocyte proliferative capacity de­
creases with age [7]. Similarly, the labeling index diminishes from 
approximately 5% in young adults (19-25 years old) to 2.85% 
in aged individuals (70-85 years old) [8]. Ability to repair wounds, 
as determined by reepithelialization of stratum corneum blisters, 
has also been shown to be diminished in the aged [6]. 
The combination of rete peg retraction and overall loss of bas a I 
keratinocyte serrations makes identification of potential stem cell 
populations extremely difficult in aged epidermis. However, oc­
casional basal cells are noted that contain greater than normal 
numbers of melanosome complexes (Fig 4). These cells do not 
appear to be degenerating or dying; rather, they have the usual 
organelles. Accumulation of pigment suggests that a cell has oc­
cupied a basal position for a relatively long time, and in doing 
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Figure 2. Light micrograph of l-/Lm plastic sections of aged skin, A, 
and young skin. B. Retraction of rete pegs (arrows) with age results in an 
overall thinner epidermis (reduced from X 250). 
so received numerous melanosomes from adjacent melanocytes. 
Thus, pigment accumulation serves as a marker for slowly cycling 
cells [11]. These pigment-laden cells may be stem cells. 
Aside from the dramatic flattening of the aged epidermis, other 
subtle alterations have been observed. All components that make 
up the dermal/epidermal junction (lamina lucida, lamina densa, 
hemidesmosomes, anchoring fibrils, elastic microfibrils) are pres­
ent in aged epidermis (Fig 5). Reduplication of the lamina dens a 
and its associated anchoring fibril complex is observed periodi­
cally beneath both keratinocytes and melanocytes. These two 
structures have been implicated in binding the epidermis to the 
dermis [12,13]. It is tempting to speculate that perhaps this age­
related reduplication represents an attempt by the epidermis to 
form a better bond with the dermis to compensate for the overall 
loss of attachment due to retraction of the rete pegs. 
Another characteristic feature of the aged epidermis is more 
frequent cytoheterogeneity. This is most notable in the basal re­
gion, where cells display variations in size, shape, and staining 
qualities (Fig 6a,b). At times, the overall polarity of the epidermis 
is lost. Occasionally, darkly staining keratinocytes are observed. 
This dark appearance is due to a condensation of cytoplasmic 
organelles, a shrunken nucleus, and clumping of keratin filaments 
(Figs 6b, 7). These "dark" cells represent dyskeratotic or dying 
cells [14], and should not be confused with "dark cells," which 
are a subpopulation of murine keratinocytes easily visualized when 
the epidermis is in a hyperproliferative state [15-17]. 
Aside from increased basal cell atypia, the qualitative and quan­
titative aspects of keratinization do not appear markedly different 
in aged epidermis. Keratin fllaments, membrane-coating granules 
or lamellar bodies, and keratohyalin granules are present in usual 
amounts. The terminal product of keratinization, the horny cell, 
is not altered in appearance, consisting of a filament/matrix com­
plex enveloped by a thickened membrane (Fig 8). The number 
of horny cells does not appear to be diminished with age, and 
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thus the stratum corneum retains its normal thickness of ap­
proximately 14-17 layers [18]. Spaces between adjacent horny 
cells are filled with electron-dense material and dense bands, which 
are the remnants of desmosomes. 
Morphologically it appears that the aged epidermis adequately 
fulfills its primary function; the production of an intact stratum 
Figure 4. Transmission electron micrograph of aged skin showing basal 
cell (B) filled with melanosomes (M). (D) = dermis (reduced from X 
7,500). 
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Figure 3. Transmission electron micro­
graph of portions of basal cells (B) from 
young, A; and old, B, skin. In A, arrows 
point to the undulating dermal/epidermal 
surface, characteristic of young skin, which 
is contrasted with the flat dermal/ 
epidermal surface in aged skin. (D) = der­
mis (reduced from X 20,000). 
corneum of normal thickness and resistance. Physiologic assess­
ments of the barrier capabilities of the stratum corneum have been 
equivocal. An age-related decrease in the barrier function of the 
stratum corneum as determined by percutaneous absorption of 
at least some substances has been reported by Christophers and 
Kligman [19]. However, these same workers determined that 
transepidermal water loss (a marker of barrier function) did not 
vary with age for normal adult skin [8]. Reaction times to topical 
application of 50% ammonium hydroxide solution was observed 
to be greater in old adults when compared with young, again 
suggesting a decreased barrier function [18]. Since the stratum 
corneum is not decreased in thickness and qualitatively appears 
unchanged with age, increased percutaneous absorption in aged 
individuals might be explained by differences in transport via 
Figure 5. Transmission electron micrograph of a portion of the der­
mal/epidermal junction from old skin showing the lamina lucida (LL), 
lamina densa (LD), hemidesmosomes (H), anchoring fibrils (AF), and 
elastin microfibrils (E); (K) = keratin filaments. Arrow points to portion 
of reduplicated lamina densa and anchoring fibrils (reduced from X 25,000). 
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Figure 6. Transmission electron micro­
graph of viable epidermis of young, A; 
and old, B, skin. Note the distinct cyto­
hetrogeneity in the basal (B) and spinous 
(Sp) regions of old skin compared with 
the relatively homogeneous-appearing 
young skin. (Cr) granular layer (reduced 
from X 5,300). 
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Figure 7. Transmission electron micrograph of basal region of old skin 
showing dark cells (arrows) characterized by clumped keratin filaments 
(K) and shrunken nuclei (N) (reduced from x 7,500). 
shunts through appendageal orifices. Sebaceous glands undergo 
hyperplasia with age, resulting in larger than normal gland, duct, 
and lumen size [20]. This could result in greater surface openings 
for shunting of materials and could explain some of the increases 
in percutaneous absorption with age. 
Melanocytes and Langerhans cells, immigrant cells of the ep­
idermis, decline in number with age. Fifty percent decreases in 
humbers of both these cell types with advancing age have been 
consistently reported [21,22]. 
DERMIS 
It is well accepted that the dermis thins with age [23,24]. As a 
consequence, the individual dermal components of man and an­
imals have received much attention. in an effort to identify mark-
Figure 8. Transmission electron micrograph of upper portion of epi­
dermis from old skin. Arrows indicate membrane-coating granules. (K) 
= keratin filaments; (KiI) = keratohylain granules; (Hq = horny cell 
(reduced from x 7,5(0). 
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Figure 9. Scanning electron micrograph of neonatal dermis after elastin 
and ground substance have been removed. (q = collagen; (S) = der­
mal/epidermal surface (reduced from x 270). 
ers of aging [25]. However, integration of the morphologic, bio­
chemical, and biophysical information on the aging dermis has 
resulted primarily in confusion, and consequently our under­
standing of dermal changes associated with thinning are at best 
rudimentary. Most attention has been directed to elucidating 
changes in elastin, because it accumulates with age and shows 
most profound alterations in staining characteristics and ultra­
structural appearance in sun-exposed areas [1,26]. 
Early attempts to understand the morphologic changes asso­
ciated with the dermis used light and/or the transmission electron 
microscopy [27-33]. While these methods provide some infor­
mation on the organization and fine structure of collagen and 
elastin, estimation of their spatial relationships are impossible due 
to thinness of the sections. The geometry of the connective tissue 
is best displayed by the scanning electron microscope. A few 
investigators have studied the dermis using this technique [34-401-
While information can be obtained on the bulk organization of 
the dermis, collagen and elastic fibers are visualized simulta­
neously, and thus little insight is gained on the arrangement of 
the individual fibers. We have developed preparative methods 
that allow collagen and elastic networks to be viewed separately 
with the scanning electron microscope [3,41]. This approach en­
ables one to best visualize connective tissue changes that occur 
with age. 
Figure 10. Scanning electron micrograph of young dermis after removal 
of elastin and ground substance, showing organization of collagen. (PD) 
= papillary dermis, (RD) = reticular dermis (reduced from x 270). 
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Figure .11. Scanning electron micrograph of aged dermis after removal 
of elastin and ground substance, showing increased amounts of colla­
gen (C) (reduced from X 270). 
COLLAGEN 
In t�e .
infant, collagen is organized in a rather simple pattern, 
conslstmg of small bundles oriented primarily parallel to the sur­
face .of th� �kin. (Fig 9). The entire dermis reveals this pattern, 
makmg dlstmctlon between papillary and reticular dermis im­
possible. In the young adult, collagen in the papillary dermis 
appears as a feltwork of randomly oriented fine fibers and small 
bundles (Fig 10). The reticular dermis consists of loosely inter­
woven, large, wavy, randomly oriented collagen bundles. How­
ever, the fibers within a given bundle are tightly packed together. 
The overall w�a�e of collagen appears random in the young adult. 
:rhe mo�t stn�mg change noted in aged skin is the apparent 
mcrease m denslty of the collagen network (Fig 11). Many authors 
have reported that total collagen content of the dermis decreases 
with age [42,43]. �ur finding of increased density most probably 
reflects a decrease III the spaces between individual bundles. These 
spaces are normally occupied by elastin and ground substance. 
Because ground substance decreases with age, removal would 
result in a �o�pression of the bundles and a more compact ap­
pearance. Slmllar rearrangement of the architecture of the dermal 
fibrous network as a consequence of the loss of ground substance 
was noted in experimentally induced corticosteroid atrophy in 
human skin [41). 
The 
.
ot�e� major age-related change involves the organization 
of the mdlvldual collagen bundles. Rather than appearing in dis-
Figure 12. Scanning electron micrograph of collagen bundles character­
IStiC of young skill showing organization in tightly packed bundles (arrow) 
(reduced from X 520). 
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Fi�ure 13. Scanning electron micrograph of collagen bundles character­
lStiC of aged skin showing primarily straight fibers and unraveling of 
bundles (arrows) (reduced from X 520). 
cr�te r?pe-like bundles of tightly packed fibers (Fig 12), collagen 
eX
.
lsts III aggregates of loosely woven, primarily straight fibers 
(Flg 13). When bundles were observed, the packing of the fibrils 
was not as tight as in the young, giving the appearance that the 
bundles were unraveling. 
The ove
.
rall rearrangement of the dermal collagen network may 
help explam some of the age-related biomechanical and biochem­
�cal changes. In age? skin, the tensile strength of collagen fibers 
mcreases and the �km beco�e� less stretchable [44,45]. This may 
be the result of mcreases m mtramolecular and intermolecular 
cross-linking. Over the past 15 years much work has been done 
on elucidating the collagen cross-links and their age-related changes. 
The p�edomina�t cross-links found in skin are hydroxylysinon­
orleucme and dlhydroxylysinonorleucine [46]. Several investi­
gators have reported a progressive decrease in the cross-links with 




recent evidence suggests that cross-links may be oxi­
dlzed III VlVO, and thus do not disappear but become undetectable 
[50). Shrinkage temperature, the temperature at which rapid 
shrmka�e of collagen oc�urs, is affected by cross-links [51]. In­
creases III collagen cross-lmks result in increases in shrinkage tem­
perature. There appears to be �n age-related increase in shrinkage 
temperature, whlCh translates mto a stiffer collagen molecule [52]. 
T�e s .
traighteni';lg of collagen fibers may also be a factor con­
tnbutmg �o the mcreased tensile strength of aged skin. According 
to Kenedl et al [53], the first phase of the stress-strain curve of 
Figure 14. Scanning electron micrograph of young dermis after removal 
of collagen and ground substance showing the organization of elastin. 
(DE]) = dermal/epidermal junction; (V) = voids; (RD) = reticular 
dermis (reduced from X 270). 
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skin is produced on the basis of the straightening of the collagen 
fiber. As fibers become straighter, as in aged skin, there is less 
room for the skin to be stretched, so tensile strength increases. 
ELASTIN 
Changes in the elastic fiber with chronologic aging is one of the 
major factors responsible for lax skin, sagging, and fine wrin­
kling. Age-related and age-associated changes in elastin have been 
studied in detail at the light and transmission electron microscopic 
level [1,26,54]. The major findings in intrinsically aged skin are 
the formations of lacunae and cysts within the elastic fibers, as 
well as a progressive separation of elastic skeleton fibers, resulting 
in a porous fiber. Furthermore, fibers have fuzzy borders with a 
notched appearance, and with advanced age reveal disintegration 
of elastic fibers into short fibrils [26,54]. Recently we have con­
centrated on the three-dimensional changes that occur to the elas­
tic fiber network with age. 
In adults, the scanning electron microscopic view of isolated 
elastin reveals an extensive amount of this fibrous component 
separated by voids (Fig 14). This method of visualization sharply 
contrasts the rather sparse appearance of orcein-stained fibers in 
conventional histologic sections. At the dermal/epidermal junc­
tion the elastic fibers were predominantly cylindrical in shape, 
arranged vertically to the skin surface (Fig 14). In the reticular 
dermis, fibers appear larger, are ribbon-like, and are aligned pri­
marily hexagonally to the surface (Fig 14). They appear more 
branched than in the papillary dermis. In the deeper portions of 
the reticular dermis, elastin is organized in large, thin, broad 
sheets. 
As expected, the overall elastin network appears more dense 
in the aged (Fig 15). This is due not only to increased production 
of elastin, but is also the result of a decrease in voids. More 
randomness in the arrangement of fibers is another age-related 
feature. The characteristic candelabra-like organization of fibers 
at the dermal/epidermal junction can no longer be detected. The 
invariant ablation of this subpapiIlary elastin network has been 
seen both in light-microscopic histologic preparations [30] and in 
the transmission electron microscope [1]. 
Another feature of the elastic fibers in aged skin is the difficulty 
of resolving individual fibers (Fig 16). This is due in part to the 
deposition of a granular material on the surface, which partially 
obscures the individual fibers. This fuzzy, blurred appearance of 
aged elastic fibers, as well as the surface granularity, may represent 
the effect of elastolytic enzymes on the fibers. Similar images 
have been observed when elastic fibers were treated with trypsin 
and elastase and then viewed in the scanning electron microscope 
[55]. In addition to the granularity, fibers contained holes, ap-
Figure 15. Scanning electron micrograph of aged dermis after removal 
of collagen and ground substance, showing organization of elastin. (DE]) 
= dermal/epidermal junction; (II) = voids (reduced from X 270). 
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Figure 16. Scanning electron micrograph of elastin fibers from aged skin 
showing deposition of granular material (arrows) on surface, which results 
in a fuzzy-appearing fiber (reduced from X 520). 
peared blurred, and the marginal part of the fibers became serrated 
and fragmented. Ultrastructural studies show that degenerative 
changes begin as early as age 30, with loss of microfibrils and the 
appearance of cavities [56]. Braverman and Fonferko [26] reported 
that in aged skin the peripheral portion of the elastic fibers ap­
peared to undergo a granular and finely fibrillar degeneration. 
These fibers had fuzzy, indistinct margins, similar to fibers di­
gested by elastase and chymotrypsin. Thus it appears that another 
feature of cutaneous aging is an initial elastogenesis, followed by 
a slow, spontaneous, progressive degradation of elastic fibers. 
These degradative changes are highly characteristic and may be 
one of the more reliable indicators of intrinsic aging; the conse­
quence of which is cutaneous laxity and fine wrinkling. 
REFERENCES 
1. Lavker RM: Structural alterations in exposed and unexposed aged 
skin. J Invest Dermatol 73:59-66, 1979 
2. Lavker RM, Kwong F, Kligman AM: Changes in skin surface pat­
terns with age. J Gerontol 35:348-354, 1980 
3. Tsuji T, Lavker RM, K ligman AM: A new method for scanning 
electron microscopic visualization of dermal elastic fibres. J Mi­
croscopy 115:165-173, 1978 
4. Schellander FA, HeadingtonJT: The stratum corneum-some struc­
tural and functional correlates. Br J Dermatol 91:507-515, 1974 
5. Baker H, Blair CP: Cell replacement in the human stratum corneum 
in old age. Br J DermatoI80:367-372, 1967 
6. Grove GL: Age-related differences in healing of superficial skin wounds 
in humans. Arch Dermatol Res 272:381-385, 1982 
7. Grove GL, Kligman AM: Age-associated changes in human epider­
mal cell renewal. J Gerontol 38:137-142, 1983 
8. Kligman AM: Perspectives and problems in cutaneous gerontology. 
J Invest Dermatol 73:39-46, 1979 
9. Leyden JJ, McGinley KJ, Grove GL: Age-related differences in the 
rate of desquamation of skin surface cells, in Pharmacological 
Intervention in the Aging Process. Edited by RD Adelman, J 
Roberts, VJ Cristfalo. New York, Plenum Press, 1978, p 297 
10. Lavker RM, Sun TT: Heterogeneity in epidermal basal keratino­
cytes: morphological and functional correlations. Science 215: 
1239-1241, 1982 
11. Lavker RM, Sun TT: Epidermal stem cells. J Invest Dermatol 
81(suppl):121-127, 1983 
12. Briggerman RA, Wheeler CB Jr: Epidermolysis bullosa dystrophica­
recessive: A possible role of anchoring fibrils in the pathogenesis. 
J Invest Dermatol 65:203-211, 1975 
13. Heaphy MR, Winkelmann RK: The human cutaneous basement 
membrane-anchoring fibril complex: preparation and ultrastruc­
ture. J Invest Dermatol 68:177-186, 1977 
VOL. 88, NO. 3 MARCH SUPPLEMENT 1987 
14. Breathnach AS: An Atlas of the Ultrastructure of Human Skin. 
London, Churchill, 1971, p 108 
15. Raick AN: Ultrastructural, histological and biochemical alterations 
produced by 12-o-tetradecanoyl-phorbol-13-acetate on mouse ep­
idermis and their relevance to skin tumor promotion. Cancer Res 
33:269-289, 1973 
16. Klein-Szanto AJP, Major SM, Slaga TJ: Induction of dark keratino­
cytes by 12-o-tetradecanoyl-phorbol-13-acetate and merizine as an 
indicator of tumor-promoting efficiency. Carcinogenesis 1:399-406, 
1980 
17. Slaga TJ, Klein-Szano AJP, Triplett LL, Yotti LP: Skin tumor-pro­
moting activity of benzoyl peroxide, a widely used free radical­
generating compound. Science 213:1023-1025, 1981 
18. Grove GL, Duncan S, Kligman AM: Effect of agmg on the blistering 
of human skin with ammonium hydroxide. Br J Dermatol 107: 
393-400, 1982 
19. Christophers E, Kligman AM: Percutaneous absorption in aged skin, 
in Advances in the Biology of the Skin, vol 6, Aging. Edited by 
W Montagna. Oxford, Pergamon Press, 1965, p 163 
20. Montagna W: Morphology of the aging skin: the cutaneous appen­
dages. Advances in the Biology of the Skin, vol 6, Aging, Edited 
by W Montagna. Oxford, Pergamon Press, 1965, p 1 
21. Gilchrist BA, Blog FB, Szabo G: The effect of aging and chronic 
ultraviolet irradiation on melanocytes in human skin. J Invest Der­
matoI73:141-143, 1979 
22. Gilchrist BA, Murphy G, Soter NA: Effects of chronologic aging 
and ultraviolet irradiation on Langerhans cells in human skin. J 
Invest Dermatol 79:85-88, 1982 • 
23. Black MM: A modified radiographic method for measuring skin 
thickness. Br J Dermatol 81:661-666, 1969 
24. Tan CY, Statham B, Marks R: Skin thickness measurement by pulsed 
ultrasound: its reproducibility, validation and variability. BrJ Der­
matoll06:657-667, 1982 
25. Hall DA: The Aging of Connective Tissue. New York, Academic 
Press, 1976 
26. Braverman 1M, Fonferko E: Studies in cutaneous aging. I. The elastic 
fiber network. J Invest Derrnatol 78:434-443, 1982 
27. Dick JC: Observations on the elastic tissue of the skin with a note 
on the reticular layer at the junction of the dermis and epidermis. 
J Anat 81:201-211, 1947 
28. Gross J, Schmitt Fa: The Structure of human skin collagen as studied 
with the electron microscope. J Exp Med 88:555-567, 1948 
29. Maurel E, Bouissou H, Pieraggi MT: Age dependent biochemical 
changes in dermal connective tissue relationship to histological 
and ultrastructural observations. Connect Tissue Res 8:33-39, 1980 
30. Montagna W, Carlisle K: Structural changes in aging human skin. 
J Invest Dermatol 73:47-53, 1979 
31. Parry DAD, Barnes GRG, Craig AS: A comparison of the size 
distribution of collagen fibrils in connective tissues as a function 
of age and a possible relation between fibril size distribution and 
mechanical properties. Proc R Soc Lond [BioI] 203:305-321, 1978 
32. Sams WM, Smith JG Jr: Alterations in human dermal fibrous con­
nective tissue with age and chronic sun damage, in Advances in 
Biology of the Skin, vol 6, Aging. Edited by W Montagna. New 
York, Pergamon Press, 1%5, p 199 
33. Schwarz W: Morphology and differentiation of the connective tissue 
fibers. Connective Tissue. Edited by RE Tunbridge. Springfield, 
Illinois, Charles C. Thomas, 1957, p 144 
AGED SKIN Sis 
34. Brown IA: Scanning electron microscopy of human dermal fibrous 
tissue. J Anat 113:159-168, 1972 
35. Garr KE: Scanning electron microscope studies of human skin. Br 
J Plast Surg 23:66-72, 1970 
36. Dawber R, Shuster S: Scanning electron microscopy of dermal fi­
brous tissue networks in normal skin, solar elastosis, and pseudo­
xanthoma elasticum. Br J Dermatol 84:130-134, 1971 
37. Holbrook KA: A histological comparison of infant and adult skin, 
in Neonatal Skin, Structure and Function. Edited by HI Maibach, 
KE Boisets, New York, Mariel Dekker, 1982, p 3 
38. Holbrook KA, Smith LT: Ultrastructure aspects of human skin dur­
ing the embryonic, fetal, premature, neonatal, and adult periods 
of life. Birth Defects 17:9-38, 1981 
39. Hunter ]AA, Fiulay B: Scanning electron microscopy of connective 
tissues in health and disease. Int Rev Connect Tissue Res 6:217-255, 
1973 
40. Smith LT, Holbrook KA, Byers PH: Structure of the dermal matrix 
during development and in the adult. J Invest Dermatol 79:935-1045, 
1982 
41. Lehmann P, Zheng P, Lavker RM: Corticosteroid atrophy in human 
skin. A study by light scanning and transmission electron mi­
croscopy. J Invest Dermatol 81:169-176, 1983 
42. Shuster S, Black MM, McVitie E: The influence of age and sex on 
skin thickness, skin collagen and density. Br] DermatoI93:639-643, 
1975 
43. Shuster S, Bottoms E: Senile degeneration of skin collagen. Clin Sci 
25:487-491, 1969 
44. Elder HR: Biophysical aspects of aging in connective tissue, in Ad­
vances in Biology of the Skin, vol 6, Aging. Edited by W Mon­
tagna. New York, Pergamon Press, 1965, p 229 
45. Vudik A: Functional properties of collagenous tissues. lnt Rev Con­
nect Tissue Res 6:127-215, 1973 
46. Bentley JP: Aging of collagen. J Invest Dermatol 73:80-83, 1979 
47. Bailey AJ, Shimokomaki MG: Age related changes in the reducible 
cross-links of collagen. FEBS Lett 16:86-88, 1971 
48. Robins SP, Shimokomaki M, Bailey AJ: The chemistry of the col­
lagen cross-links. Age related changes in the reducible components 
of intact bovine collagen fibers. Biochem J 131:771-780, 1973 
49. Volpin D, Giro MG, Castellani I: Age related changes in the re­
ducible cross-links of human dermis collagen. Dermatologica 155: 
335-339, 1977 
50. Bailey AJ, Ranta MH, Nicholls AC: Isolation of a-aminoadipic acid 
from mature dermal collagen and elastin. Evidence for an oxidative 
pathway in the maturation of collagen and elastin. Biochem Bio­
phys Res Commun 78:1403-1410, 1977 
51. Gustavson KH: The Chemistry and Reactivity of Collagen. New 
York, Academic Press, 1956 
52. Verzar F: The aging of collagen fibers. Experientia 4(suppl):35-41, 
1956 
53. Kenedi RM, Gibson T, Daly CH: Biomechanical characteristics of 
human skin and costal cartilage. Fed Proc 25:1084-1087, 0000 
54. Braverman 1M: Elastic fiber and microvascular abnormalities in ag­
ing skin: The aging skin. Dermatology Clinics 4:391-405, 1986 
55. Kadar A: Scanning electron microscopy of purified elastin with and 
without enzymatic digestion. Adv Exp Med BioI 79:71-96, 1977 
56. Stadler R, Orfanos CE: Reifung and alterung der elastischen fasern. 
Arch Dermatol Res 260:97-112, 1978 
